Abstract: Dewatering associated with mining below water table to achieve dry mining conditions may exert significant pressure on water balance in terms of lowering the water table and change in the dynamics of interactions between surface water and groundwater. The discharge of surplus mine water into ephemeral streams may also affect the water balance, by elevating groundwater levels and altering the exchange rate between streams and underlying aquifers. However, it is unclear whether volumes and recharge processes are within the range of natural variability. Here, we present a case study of an ephemeral creek in the semi-arid Hamersley Basin of northwest Australia that has received continuous mine discharge for more than six years. We used a numerical model coupled with repeated measurements of water levels, chloride concentrations and the hydrogen and oxygen stable isotope composition (δ2H and δ18O) to estimate longitudinal evapotranspiration and recharge rates along a 27 km length of Weeli Wolli Creek. We found that chloride increased from 73 to 120 mg/L across this length, while δ18O increased from -8.2‰ to -7.00‰. Groundwater is directly connected to the creek for the first 13 km and recharge rates are negligible. Below this point, the creek flows over a highly permeable aquifer and water loss by recharge increases to a maximum rate of 4.4 mm/d, which accounts for ~65% of the total water discharged to the creek. Evapotranspiration losses account for the remaining ~35%. The calculated recharge from continuous flow due to surplus water discharge is similar to that measured for rainfall-driven flood events along the creek. Groundwater under the disconnected section of the creek is characterised by a much lower Cl concentration and more depleted δ18O value than mining discharge water but is similar to flood water generated by large episodic rainfall events. Our results suggest that the impact of recharge from continuous flow on the water balance of the creek has not extended beyond 27 km from the discharge point. Our approach using a combination of hydrochemical and isotope methods coupled with classical surface flow hydraulic modelling allowed evaluation of components of the water budget otherwise not possible in a highly dynamic system that is mainly driven by infrequent but large episodic floods. 
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In general, the magnitude of recharge from ephemeral streams to groundwater aquifers is ( Fig. 1, 2 
187
The ephemeral nature of Weeli Wolli Creek has been altered over recent years due to the 188 continuous discharge of 0.6 m 3 /s surplus water from mine dewatering. Water is discharged to the from the secondary discharge (Discharge area point 2 -DP2) (Fig. 1) . 24 km to 27 km owing to variability in discharge rates (Fig. 4) . 
Calculation of total water loss (q)

225
The total loss from surface water along the saturated section of the creek was simulated 226 using a continuity equation as follows:
where R is the recharge, Q 1 and Q 2 are measured flow rates at DP1 and DP2, E is evaporation 229 calculated from the isotope mass balance, T is transpiration, calculated from the difference between 230 chloride and isotope mass balance, S is storage (i.e., bank storage) and is assumed to be negligible,
231
and I is runoff from rainfall and flooding events and assumed to be zero for dry periods (no run off).
232
The total loss parameter q (recharge and evapotranspiration) was calculated using a 233 kinematic wave routing model for channels (Lighthill and Whitman, 1955) . The kinematic wave 
where Q is the total flow along the channel, A is the cross section of the channel and q is the total 240 water loss per unit length. The rating curve of the channel can be described as:
where α and β are parameters determined from the Manning equation (Manning, 1891) . In between consecutive sampling points along the creek. The total evaporative loss was estimated as the cumulative percent of losses for each sampling interval (Fig 2) , based on the difference in the The m enrichment slope factor is defined by Eq. 8:
where h is air humidity given as a fraction, ɛ K is the kinetic fractionation and ɛ is the total 275 fractionation factor (Gibson and Reid, 2010) ). The total water volume loss was estimated using Cl 276 mass balance, which was calculated for each of the intervals of the creek using the following 277 equation: relatively high Cl concentrations with the onset of runoff due to mobilisation of dry salt, followed 
Results
327
Modelling and hydrochemistry
328
We initially assumed that the water loss parameter (q) was constant along the entire creek Normalised RMS of 38.8%).
337
Given the difference in hydrogeological settings between sections A and B (Fig. 2) , we then 338 re-ran the water mass balance model using two water loss parameters, where q 1 was assigned to
higher rate in section B coincides with the location where the saturated creek crosses and flows over 342 the Channel Iron Deposit (CID) aquifer (Fig. 2) .
343
The calculated saturated lengths of the two-parameter model more closely matched the 344 observed data than the one-parameter model and overall had a stronger statistical fit (Fig. 4) . The
345
Cl concentration in discharge water at DP1 and DP2 has been fairly constant since discharge 346 commenced and are 74 ± 2 mg/L and 89 ± 2 mg/L, respectively ( Table 1 (Table 1) .
352
The Cl concentration for groundwater from bores 99YJWB01 and 99YJWB04 from 1991and pre- whereas 99YJWB04 has increased gradually, from 40 mg/L in 1991 to 110 mg/L (Fig. 6 ).
356
The δ 18 O and δ 2 H values of water collected at DP1 were -8.57‰ and-57.5‰ and at DP2 357 7.92‰ and -54.9 ‰ (Fig. 7A, B creek where the water table in the underlying thick CID aquifer is separated from the creek by an unsaturated zone (section B), resulting in rapid increase in the recharge rates ( Long-term water table data from the CID aquifer from seven monitoring bores (Table 3) 399 located along section B of the creek ( Fig. 3; JSE37 flooding events (Fig. 3) . We calculated recharge using the WTF method after Cyclone Heidi (8-13 (Fig. 9) . Assuming a linear variation of the recharge rate along the creek from the location in which 424 the creek is disconnected from the aquifer, we calculated a maximum rate of 11.8 m 3 /d/m, which is 425 consistent with the maximum rate estimated by the WTF method (Fig. 10) . downstream of the discharge outlet DP1 (Fig. 6 ).
439
Our results also suggest that the flow and recharge from large and short-lived flood events 
451
The prevailing effect of recharge from flooding events on the water balance of Weeli Wolli
452
Creek over mine discharge is evident when observing long term Cl concentration in groundwater.
453
The data for groundwater from bores 99YJWB01 and 99YJWB04 shows how the infiltration of discharged to the creek 100 mg/L at DP2 (Fig. 11) (Fig. 7A, B) suggests recharge to the aquifer from high intensity rainfall events (Dogramaci et al., confirm that the response of groundwater is constrained to the saturated stretch of the Weeli Wolli
485
Creek and does not extend further than 8 km downstream from the start of section B (Fig 3) .
486
The results of this study suggest that the storage capacity of the aquifer is much larger at the (Fig 6) . If the entire section B of the CID aquifer were the natural conduit for through 492 flow, the Cl concentration in groundwater would have been the same as surface water (100 mg/L).
493
This suggests that the CID aquifer at this location is characterized by a much higher transmissivity water balance, our study shows that management of artificial discharge to ephemeral creeks in Table   32 Fluctuation method (WTF) and water, Cl and isotope mass balance for data collected from Table 2 Click here to download Table: Tab02.docx 
